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doi:10.1016/j.jtcvs.2006.01.049bjective: Pericardial effusion and cardiac tamponade after ascending aortic surgery
re higher than anticipated after cardiac surgery. We evaluated a thin closed-suction
rain system to prevent posterior pericardial effusion in patients undergoing ascend-
ng aortic surgery.
ethods: One hundred forty patients who underwent ascending aortic surgery were
rospectively randomized into group A and group B. In group A (n  70) we used
32F drain placed anteriorly overlying the heart and a 16F thin drain placed
etrocardially. In group B (n  70) only a 32F drain placed anteriorly was used. In
roup A we removed the large drain on the first postoperative day and continued
rainage with the thin drain until the drainage was less than 50 mL in a 24-hour
eriod. In group B we removed the drain after the first postoperative day when the
rainage was less than 50 mL in an 8-hour period. Preoperative, perioperative, and
ostoperative parameters of the patients were compared.
esults: No significant posterior pericardial effusion and late cardiac tamponade
eveloped in patients in group A. In group B 10 (14.3%) patients experienced
ignificant posterior pericardial effusion and 4 (5.7%) patients experienced late
ardiac tamponade; the incidence of significant pericardial effusion in group B was
ignificantly higher (P .001). Postoperative new-onset atrial fibrillation developed
n 6 (10.4%) patients in group A and in 18 (32.7%) patients in group B (P  .03).
onclusions: We demonstrated that effective posterior drainage is important to
revent posterior pericardial effusion, and use of a thin drain placed retrocardially
ppears to be sufficient for these results.
scending aortic surgery, which involves prolonged cardiopulmonary bypass
and extensive dissection of the heart and the aorta, might be expected to
give rise to a higher incidence of pericardial effusion and cardiac tampon-
de compared with other kinds of cardiac surgery (up to 31.6% and 
espectively), and these procedures require long-term mediastinal drainage.1 The
ate significant pericardial effusion resulting in cardiac tamponade is frequently
oculated in the posterior portion of the heart.2,3 Using large conventional drain
28F-32F) to prevent posterior effusions is inconvenient. In cases of prolonged
rainage, because of the large diameter, they could be painful; they might limit
elf-ambulation not only to pain but also with their bulky fluid-collection devices.
hey might also cause an increase in the use of analgesic agents, and as the patient
ecomes more active, they might interfere with the heart and cause dysrhyth4,5
Although the problem in postoperative pericardial effusion in coronary artery
ypass grafting or valve surgery had been solved, after ascending aortic surgery, it
s still a problematic issue. We describe a method for mediastinal drainage after
scending aortic surgery involving the opportunity to remove the mediastinal large
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2
A
CD rain on the first postoperative day to minimize the antici-
ated complications and continue effective drainage with a
hin closed-suction drain system to prevent posterior peri-
ardial effusion.
aterials and Methods
etween January 1999 and July 2005, 140 patients who underwent
eplacement or repair of the ascending aorta with or without aortic
alve replacement with diagnosis of type A dissection or ascend-
ng aortic aneurysms at our institution were included in this study.
atients were prospectively randomized into group A (70 patients)
nd group B (70 patients). The local ethical committee approved
he study, and all patients provided written informed consent.
atients who had a history of prior sternotomy or cardiac surgery,
ho underwent concomitant bypass surgery, who were receiving
ny form of anticoagulation before surgical intervention, or who
ad a second operative procedure (apart from bleeding or tampon-
de) during the same hospital stay were excluded. Moreover,
ntraoperative and early hospital mortality were the exclusion
riteria. We defined the status of the operation as elective, urgent,
nd emergency intervention. Elective cases were defined as pa-
ients operated on 48 hours after diagnosis. Urgent cases were
efined as patients requiring operative intervention within 48 hours
f diagnosis for acute or chronic type A aortic dissections, ascend-
ng aortic aneurysms causing intractable chest or back pain, and/or
igns of obstruction or compression of the adjacent structures in
he thorax. Emergency surgical cases were defined as patients
equiring immediate operative intervention for acute aortic dissec-
ion or rupture causing signs of tamponade, severe aortic insuffi-
iency, or continuous blood loss.
In group A we used a 32F large conventional drain placed
etrosternally in the anterior mediastinum overlying the heart and
16F thin closed-suction drain system (Redon drain system)
laced toward the posterior pericardial cavity along the left ven-
ricle in the retrocardiac cavity. In group B, as a control group, we
sed only a 32F large conventional drain, which was placed
nteriorly overlying the heart. Drains were placed in the medias-
inum through a small incision several centimeters inferior to the
ower pole of the median sternotomy wound. If one of the pleural
paces was opened, a third drain, sized 28F, was placed from the
ateral thorax site into the pleural space.
In group A we removed the large drain on the first postopera-
ive day and continued drainage with the thin drain that was placed
etrocardially until the drainage was less than 50 mL in a 24-hour
eriod to prevent late posterior pericardial effusion and cardiac
amponade. In group B we removed the drain after the first
ostoperative day when the drainage was less than 50 mL in an
-hour period. Drain outputs were recorded hourly for the first 2
ays and daily for the following days. No data were recorded from
leural space drains because we removed them as soon as the chest
adiographs showed no signs of pneumothorax on postoperative
Abbreviations and Acronyms
SD standard deviationay 1. B
8 The Journal of Thoracic and Cardiovascular Surgery ● July 2Groups were compared for preoperative, intraoperative, and
ostoperative characteristics; drainage in the first 24 hours; total
mount of drainage; time of drain removal after the operation;
ength of postoperative stay; incidence of postoperative pericardial
ffusion; cardiac tamponade; re-exploration; and drain-associated
nfection. Moreover, on the morning of postoperative days 1, 2,
nd 3, patients were asked by nurses whether they had any com-
laints about their drains, and they were asked to simply answer as
no,” “little,” “moderate,” or “severe.” Patients for whom the drains
ere removed had their answers recorded as “no discomfort.”
The efficacy of drains in both groups was determined with
hest radiography and 2-dimensional transthoracic echocardiogra-
hy. The same echocardiographer, who was not informed about
he study, performed echocardiographic examinations. In-hospital
hest radiographs were routinely performed on the first and second
ostoperative days and subsequently if dictated by the individual
atient’s symptoms. Echocardiography of the pericardium was
outinely performed on postoperative days 1 and 7 to measure the
ize and type of pericardial effusions. A pericardial effusion is
lassified as anterior, posterior, or circumferential, and those with
size equal to or larger than 10 mm were considered significant.
n the evaluations pericardial effusion or cardiac tamponade that
eveloped in the first postoperative week was defined as “early,”
nd that developing after the first postoperative week was defined
s “late.” Patients with pericardial effusion (5-10 mm) on postop-
rative day 7, chest radiography with signs or clinical suspicions of
ate pericardial effusion, or cardiac tamponade after the first post-
perative week were re-evaluated with echocardiography.
Characteristics are described as means and standard deviations
SDs) or as percentages. Nominal variables were analyzed by
sing 2 or Fisher exact tests, where applicable. Comparisons
etween groups for normally distributed continuous variables were
valuated by using the Student t test. The Mann-Whitney U test
as used for ordinal variables to compare groups.
esults
total of 140 patients were included in the study. Group A,
ith the thin drain, consisted of 70 patients (29 men and 41
omen) with a mean  SD age of 55.5  7.3 years
median, 57 years; minimum-maximum, 38-68 years), and
roup B, with conventional drains, included 70 patients (32
en and 38 women) with a mean  SD age of 54.6  7.5
ears (median, 55 years; minimum-maximum, 39-67 years).
atients with moderate-to-severe aortic regurgitation under-
ent aortic root replacement with aortic valve replacement
sing a composite valve-graft conduit (the Bentall proce-
ure), and where the aortic valve could be repaired, valve-
paring procedures were performed with ascending aortic
eplacement with a tube graft of appropriate size. All sur-
ical procedures were performed during CPB. There was no
tatistical significance with regard to the type (P  .461,
 .546, and P  .680) and status (P  .606, P  .855,
nd P  .260) of the surgical procedures performed be-
ween the 2 groups (Table 1). All patients who had the 
alve replaced with a conduit valve–composite graft (the
entall procedure) were started on warfarin to maintain an
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A
CDnternational normalized ratio of between 2.5 and 3.5 times
ontrol values. The patients who underwent ascending aor-
ic replacement without aortic valve replacement did not
eceive any form of postoperative anticoagulation.
Two (2.9%) patients in group A and 3 (4.3%) patients in
roup B underwent re-exploration for bleeding in the first
ostoperative 6 hours. Two patients in each group under-
ent re-exploration for early tamponade because of bleed-
ng in the first postoperative 24 hours. There were 2 (2.9%)
atients in group A and 1 (1.4%) patient in group B with
ediastinal wound infection (P  1.000). There were no
pisodes of drain-site infection or sepsis related to the use of
rains in both groups. Patients in group A were discharged
fter a mean  SD of 9.0  2.5 days (range, 6-16 days), and
atients in group B were discharged after a mean SD of 10.3
2.9 days (range, 6-18 days). The long lengths of hospital
tay were related to the development of significant pericar-
ial effusion, cardiac tamponade, medical complications
ike high international normalized ratio values, postopera-
ive new-onset arrhythmias, and postoperative mediastinal
ound infections. The preoperative, intraoperative, and post-
perative characteristics of the 2 groups are shown in Ta
We removed the large drains after 17.9  2.6 hours in
roup A and 52.1  11.5 hours in group B (P  .001). The
ean SD mediastinal drainage values in the first 24 hours
n groups A and B were 539.2  144.2 and 527.8  131.1
L, respectively (P  .326). There were 14 patients in
roup A and 10 patients in group B with pleural space
rains (20% vs 14.3%, P  .370), and we removed them
fter 20.3  5.1 hours in group A and 19.1  4.8 hours in
roup B (P  .08). Parameters of drains are summarized in
ABLE 1. Preoperative, intraoperative, and postoperative c
Variable Group
Age (y) 55
Sex (male/female)
Preoperative Htc (%) 38
Bentall procedure (n [%]) 5
Valve-sparing procedure  AAR (n [%])
AAR (n [%]) 1
Elective (n [%]) 4
Urgent (n [%]) 2
Emergency (n [%])
Surgical use of antifibrinolytics (n [%]) 5
Cardiopulmonary bypass time (min) 170
PO Positive inotropic support (n [%]) 2
Re-exploration for bleeding (n [%])
Re-exploration for tamponade (n [%])
Drain-associated infection (n [%])
PO hospital Stay (d) 9
tc, Hematocrit; AAR, ascending aortic replacement; PO, postoperative.able 2. T
The Journal of Thorac.
Early pericardial effusion developed in 2 (2.9%) patients
n group A and 2 (2.9%) patients in Group B. Patients in
roup A did not respond to conservative medical therapy,
nd there was no reduction in the size of pericardial effu-
ions. They were treated with echocardiography-guided per-
utaneous pericardiocentesis. Twelve (17.1%) patients from
roup B had late posterior pericardial effusion, whereas no
atients had late posterior pericardial effusion in group A;
he difference was statistically different (P  .001). Among
2 patients who had late posterior pericardial effusion in
roup B, 10 were treated conservatively; 2 patients who did
ot respond to conservative medical therapy clinically wors-
ned and were drained percutaneously. Four (5.7%) patients
rom group B had late posterior cardiac tamponade that was
rained percutaneously. Two of these patients had been
reviously discharged from the hospital after surgical inter-
ention and required readmission. None of the patients had
ate cardiac tamponade in group A (5.7% vs 0%, P  .120).
arly and late postoperative transthoracic echocardiographic
valuations and P values are summarized in Table 3.
When patients in groups A and B were questioned about
hether they had any complaints about the drains on post-
cteristics
 70) Group B (n  70) P value
7.3 55.7  7.5 .716
32/38 .609
5.8 39.8  4.5 .314
9) 47 (67.1) .461
) 7 (10.0) .546
0) 16 (22.9) .680
4) 40 (57.1) .606
4) 21 (30.0) .855
) 9 (12.9) .260
6) 49 (70.0) .246
21.8 175.6  19.3 .157
6) 23 (32.9) .480
) 3 (4.3) 1.000
) 2 (2.9) 1.000
0 (0) —
2.5 10.3  2.9 .003
ABLE 2. Parameters of drains
ariable
Group A
(n  70)
Group B
(n  70)
P
value
uration of large drain (h) 17.9 2.6 52.1 11.5 .001
uration of thin drain (d) 2.7 0.7 — —
rainage, first 24 h (mL) 539.2 144.2 527.8 131.1 .326hara
A (n
.3 
29/41
.9 
1 (72.
5 (7.1
4 (20.
3 (61.
2 (31.
5 (7.1
5 (78.
.7 
7 (38.
2 (2.9
2 (2.9
0 (0)
.0 otal drainage (mL) 679.7 154.3 675.4 149.5 .884
ic and Cardiovascular Surgery ● Volume 132, Number 1 29
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3
A
CDperative days 1, 2, and 3 and they were asked to given
nswers of “no,” “little,” “moderate,” or “severe” discom-
ort, the answers were as summarized in Figure 1. W
nswers of “severe discomfort” from groups A and B were
ompared by using 2 tests on postoperative days 1, 2, and
, the results were P values of less than .001, less than .001
nd less than .001, respectively. On postoperative days 1
nd 2, the patient’s discomfort levels were significantly
ower in group A.
When we were analyzing the possible side effects of the
rains, we documented postoperative new-onset arrhyth-
ias. When we excluded patients with preoperative arrhyth-
ias, in this study we found that in group A, of 58 patients,
here were 6 (10.4%) with postoperative new-onset atrial
brillation. In group B, of 55 patients, 18 (32.7%) had
ostoperative new-onset atrial fibrillation, and the incidence
f new-onset postoperative arrhythmias in group A was
ignificantly lower than that of postoperative arrhythmias in
roup B (P  .03).
iscussion
he incidence of significant pericardial effusion after car-
iac surgery in the literature is between 1% and 66-8
owever, after ascending aortic surgery, the incidence of
ignificant pericardial effusion is up to 35% and that of
ardiac tamponade is as high as 15.7%.1 Previous studies
ave related postoperative pericardial effusion to excessive
ostoperative mediastinal drainage and postpericardiotomy
yndrome. Stevenson and colleagues8 determined that peri-
ardial effusions were more likely to develop if there was
ABLE 3. Postoperative echocardiographic evaluations
ariable
Group A
(n  70)
Group B
(n  70)
P
value
arly anterior PE (n [%]) 2 (2.9) 1 (1.4) 1.000
arly posterior PE (n [%]) 0 (0) 3 (4.3) .245
arly circumferential PE (n [%]) 0 (0) 1 (1.4) 1.000
ate anterior PE (n [%]) 2 (2.9) 3 (4.3) 1.000
ate posterior PE (n [%]) 0 (0) 10 (14.3) 0.001
ate circumferential PE (n [%]) 0 (0) 1 (1.4) 1.000
ate posterior CT (n [%]) 0 (0) 4 (5.7) .120
E, Pericardial effusion; CT, cardiac tamponade.0 The Journal of Thoracic and Cardiovascular Surgery ● July 2ignificant postoperative bleeding, greater than 500 mL, in
he first postoperative 24 hours. The amount of surgical
issection and the length and complexity of the operation
ight account for a higher than average incidence of blood
oss after aortic root surgery, and this could relate to an
ncreased risk of pericardial effusion and cardiac tampon-
de. In our study the mean mediastinal drainage in the first
4 hours in groups A and B were both greater than 500 mL,
nd in the control group, group B, there were 19 patients
ith significant postoperative pericardial effusion. There-
ore in our study the incidence of significant pericardial
ffusion after aortic root surgery was 27.1%. Furthermore, in
roup B 2 patients underwent reoperation for early cardiac
amponade because of excessive bleeding, and there were 4
atients who had late posterior cardiac tamponade; the inci-
ence of postoperative cardiac tamponade was calculated as
.6%. Our results correlate with the high incidence of pericar-
ial effusion and cardiac tamponade after aortic root surgery in
he study by Alkhulaifi and associates.1
In this study we removed the large drains on postopera-
ive day 1 to prevent the anticipated large drain complica-
ions and continued draining with a thin drain, with the idea
o drain the posterior of the heart completely once the
atient has been mobilized and to prevent late posterior
ericardial effusion and cardiac tamponade. The main rea-
on to place the thin drain retrocardially is to prevent
ericardial effusion that is often loculated at the posterior of
he left ventricular wall. The pericardial effusion loculated
nterior of the heart is easily drained from a chest drain
laced anteriorly. However, because pericardial adhesions
re frequently observed in between the inferior-posterior
urface of the heart and the diaphragm, they might cause an
nclosed gap and make drainage difficult. The results re-
orted in our study demonstrate that continuing drainage
ith thin closed-suction drain systems are effective for
raining the posterior of the heart, thus preventing posterior
ericardial effusion in patients undergoing ascending aortic
urgery.
The uses of thin drains in the chest drainage have been
eported before. The experience to date suggests that the use
f thin drains is as effective as the use of large drains9 Our
esults have shown that there is no increased risk of bleed-
ng, cardiac tamponade, or infection associated with the use
Figure 1. Comparison of complaints about drains
in groups A and B.006
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A
CDf a thin closed-suction drain system. We analyzed our
esults to determine whether there would be undesirable
esults like arrhythmia caused by cardiac irritation after
lacing the thin drain in the retrocardiac cavity. However,
nterestingly, we found out that in group A, with a thin
rain, the incidence of new-onset postoperative arrhythmias
as significantly lower than that in group B. Angelini and
oworkers10 presented refractory (to medication and card-
ersion) postoperative arrhythmias caused by pericardial effu-
ion after cardiac surgery that responded well to the evacuation
f the effusion and a consequent sinus rhythm. Previous efforts
ave been done to reduce the incidence of postoperative pos-
erior pericardial effusion and therefore postoperative arrhyth-
ias.11 In our study the incidence of postoperative pericar
ffusion was lower in group A, and this is probably why we
bserved a lower incidence of postoperative new-onset
trial fibrillation in this group. However, as in this study, our
rimary goal was not to investigate postoperative arrhyth-
ias. Further studies should be performed, and we believe
hat this study will be a pioneer for future similar studies.
It is difficult to evaluate scientifically the level of dis-
omfort felt by patients, and it cannot provide accurate
nformation on patients’ actual complaints. Furthermore,
atients’ perceptions of outcome are important, and we must
ive attention to any complaints about drains. Large drains
re painful, and in aortic root surgery, prolonged drainage is
requently unavoidable. By our own observations, removing
he large drains and continuing drainage with the thin drain
fter postoperative day 1 is much more comfortable and
ppears to permit earlier ambulation, resulting in improved
ulmonary toilet.
One of the limitations of the study is that the doctors,
urses, and (although she was not informed about the study)
he echocardiographer were not blinded to the type of drain
ethod used.
We demonstrated that effective posterior drainage is
mportant in ascending aortic surgery, and it reduces not
nly the high incidence of late significant pericardial effu-
ion but also might reduce early pericardial effusion and
The Journal of Thoracelated postoperative arrhythmias. We also demonstrated
hat use of a thin closed-suction drain placed retrocardially
s simple and safe and appears to be sufficient for posterior
rainage.
We thank the biostatistician, Dr Atilla H. Elhan, Ankara Uni-
ersity, for the support given regarding the statistical analysis. We
lso thank all the staff involved in patient care and the nurses who
ecorded the data of these patients at the Department of Cardio-
ascular Surgery of Ankara University.
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